Abstract. dengue virus (denV) is a mosquito-borne virus and can be transmitted to humans by mosquito vectors. although surveillance of dengue virus-infected mosquitoes is the most effective way of controlling denV infections, detection of denVs in mosquitoes is limited by the low sensitivity of available detection methods. We here report a method for capturing denV type 3 (denV-3) from mosquito cells using magnetic beads coated with an anionic polymer, poly(methyl vinyl ether-maleic anhydrate). the beads were incubated with cell culture medium of denV-3-infected mosquito cells, then separated from the supernatant by applying a magnetic field and washed. adsorption of denV-3 on the beads was confirmed by reverse transcription-polymerase chain reaction, which detected the presence of denV-3 genomic rna on the beads, and Western blotting, which determined the major denV-3 envelope protein on the beads. therefore, this capture method may enable an improvement in denV-3 detection.
Introduction
dengue virus (denV) is a mosquito-borne, plus-strand rna virus with an enveloped icosahedral nucleocapsid, a member of the genus Flavivirus, family Flaviviridae, and the etiological agent of infectious disease affecting almost 50 million people worldwide (1) . denV infection can lead to dengue fever (df), dengue hemorrhagic fever (dHf), and dengue shock syndrome (dSS). dHf and dSS are potentially lethal: the risk of developing them is correlated with infection by one of the four denV serotypes (denV-1 to -4) and to having antibodies to another denV serotype from a previous infection (2) . Unfortunately, no specific treatment or vaccine for DENV is available.
South-east asia is one of the most seriously denV-affected areas (1, 3) . denV is mostly found in urban and semi-urban areas in tropical and sub-tropical regions reflecting the geographic distribution of its mosquito vectors, in particular Aedes aegypti and Aedes albopictus. the range of these mosquitoes has been expanding and, thereby, enabling spread of denV (1) . therefore, control of denV-infected mosquitoes is the most effective approach for preventing denV. However, the distribution of denV-infected mosquitoes remains unclear because of the low sensitivity of methods for denV detection in mosquitoes. therefore, a sensitive method for detection of denV is needed. to develop such a method, we chose denV type 3 (denV-3) for this study, because of a 1998 outbreak of denV-3 and recent major denV outbreaks in taiwan (4) (5) (6) . this is of concern to us because taiwan is only 127 km from Yonaguni island, the southernmost island of the ryukyu archipelago of japan (7) .
We report here the use of magnetic beads coated with an anionic polymer for the capture of denV-3 from the medium of a mosquito cell culture infected with denV-3. DENV-3 capture. Virus capture was performed using the manufacturer's instructions (Ademtech). Briefly, 40 µl Viroadembeads were washed twice with binding buffer and twice with phosphate-buffered saline (PBS). A 40 µl sample of medium from an uninfected (mock) or denV-3-infected cell culture and 360 µl PBS were added to the washed beads and the tube was incubated for 20 min at room temperature ( fig. 1 ). the tubes containing the mixtures were set in a magnetic field for 1 min using an Adem-Mag SV magnetic device (ademtech). after magnetic separation, the supernatant was removed, and the beads were washed three times with PBS and then resuspended in 40 µl PBS. This produced two fractions: a bead fraction (designated Bd) and a supernatant fraction (designated SP). a total sample fraction (i.e., the cell culture medium originally mixed with the beads) (designated TL) was also included. A 40 µl sample of each fraction was used for rt-Pcr and Western blot analyses.
Materials and methods

Reagents
Western blotting. each fraction was solubilized in an equal volume of 2X sodium dodecyl sulphate (SdS) gel-loading buffer [90 mm tris-Hcl (pH 6.8), 10% mercaptoethanol, 2% SdS, 0.02% bromophenol blue, and 20% glycerol], boiled for 5 min, followed by separation on an 8% polyacrylamide gel by SdS-polyacrylamide gel electrophoresis (PaGe). the proteins were then electroblotted onto a polyvinylidene difluoride (PVdf) membrane (Hybond-P; Ge Healthcare, Piscataway, nj) for 60 min at 15 V. after protein transfer, the membranes were treated with 5% skim milk for 1 h at room temperature, and then incubated with anti-denV-3 envelope (env) antibody d1-11(3) (Genetex, inc., irvine, ca) in PBS containing 0.1% tween-20 (PBS-t) and 0.5% skim milk for 1 h at room temperature. after three washes with PBS-t, the membranes were incubated in horseradish peroxidase (HrP)-conjugated antimouse igG (jackson immunoresearch laboratories, inc., West Grove, Pa, uSa) in PBS-t and 0.5% skim milk for 1 h at room temperature. after three washes with PBS-t, the proteins were detected using an enhanced chemiluminescence detection kit (Ge Healthcare).
Reverse transcription (RT)-PCR.
Viral rna from each fraction was extracted with a Qiaamp Viral rna mini kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. rt reactions were then carried out using the thermoScript rt-Pcr System (invitrogen, Grand island, nY) with random primers. After incubation at 25˚C for 10 min, viral RNA was reverse-transcribed at 65˚C for 50 min, followed by denaturation of the reverse transcriptase at 85˚C for 5 min. The resultant cDNA was amplified by PCR in a reaction mixture containing primers, ex taq (takara Bio inc., otsu, japan), and ex taq buffer under conditions of 35 cycles at 94˚C for 1 min, 60˚C for 1 min and 72˚C for 1 min. The primers were: DENV-3-F, 5'-accgtgtgtcaactggatca-3' , and denV-3-r, 5'-gtcatggatggggt aaccag-3'. The amplified DNA fragments were purified and analyzed by dna sequencing (aBi-PriSm 3100 Genetic analyzer, applied Biosystems, foster city, ca) to verify the amplified product.
Real-time RT-PCR. the cdnas produced in the rt reactions above were also analyzed by real-time Pcr quantitative Pcr (QPcr). for QPcr, a Brilliant SYBr-Green QPcr master mix was used according to the manufacturer's instructions (Stratagene, la jolla, ca). Briefly, the QPcr components included Brilliant QPcr master mix, reverse-transcribed cdna, and the forward and reverse target gene primers: denV-3real-f, 5'-acttcctcccctgcgatac-3' , and denV-3real-r, 5'-ggtctgatttccatgccatac-3'. QPcr was performed in the mx3000P real-time QPcr system (Stratagene) under the following conditions: denaturation at 95˚C for 10 min followed by 40 cycles of denaturation (95˚C for 30 sec), annealing (58˚C for 60 sec), and extension (72˚C for 30 sec). Each reaction was performed in triplicate. the results were analyzed using the mx3000P system software. the relative expression ratio of each sample was calculated by a mathematical model based on the amplification efficiency. PCR specificity was verified by dissociation curve analysis of the amplified DNA fragments.
Results and Discussion
to investigate whether Viro-adembeads could be used to capture denV-3, medium from denV-3-infected c6/36 mosquito cells was mixed with the anionic polymer-coated magnetic beads. the mixture was magnetically separated and bead (Bd), supernatant (SP) and total (tl) fractions were prepared ( fig. 1 ). medium from mock-infected cells was used to prepare control fractions. the fractions were analyzed by rt-Pcr, Western blotting, and real-time rt-Pcr to determine the extent of denV-3 capture by the beads. to examine denV-3 capture by the beads, rt-Pcr was used to look for denV-3 rna in the Bd, SP and tl fractions (Fig. 2) . Using primers specific for a 778-bp sequence in the denV-3 strain 80-2 genome, a single 778-bp band was found in the Bd and tl fractions, but not in the SP fraction. the 778-bp band was confirmed by two independent DNA sequence analyses to be the denV-3 strain 80-2 genomic sequence (86 and 97% identity to GenBank accession no.af317645 within the sequenced region). these results indicate that the Bd fraction contained denV-3 genomic rna and, therefore, that the beads had captured denV-3 viruses.
Western blotting of the Bd, SP and tl fractions from denV-3-infected c6/36 cells using anti-denV-3 env protein antibody showed a 61 kda band in the Bd and tl fractions, but not the SP fraction ( fig. 3) . the 61 kda size is in agreement with that calculated from the deduced amino acid sequence of the denV-3 env protein. these results, that denV-3 was detected in the Bd and tl fractions but not in the SP fraction by Western blotting, were consistent with the results from rt-Pcr analysis, indicating that denV-3 was captured by the anionic polymer-coated magnetic beads.
the amount of denV-3 rna in the Bd, SP and tl fractions was measured by real-time rt-Pcr, relative to that in the control (a tl sample with highest value was taken as 100%). for the denV-3-infected cell culture medium, the amount of viral rna in the Bd fraction was about one third of that in the TL fraction (Fig. 4) . The specificity of these PCR reactions was confirmed by dissociation curve analysis of the reaction products (data not shown). these results showed that denV-3 in cell culture medium could be captured by the magnetic beads. However, a significant fraction of DENV-3 in the culture medium of virus-infected cells was lost during the capture procedure using anionic polymer-coated magnetic beads. this may have been due to serum components in the cell culture medium, such as albumin, binding to the magnetic beads and inhibiting virus capture (8) .
this and other studies have shown that magnetic beads coated with the anionic polymer poly(mVe-ma) can be used to capture various viruses, such as denV-3, avian and human influenza virus, respiratory syncytial virus (RSV), vaccinia virus, borna disease virus, and human herpesvirus 8 (8) (9) (10) (11) (12) . in these studies, the anionic polymer-coated magnetic beads have been shown to facilitate detection of viruses and to be compatible with various analytical methods, such as Pcr, eliSa, immunochromato-graphy and Western blotting. figure 2 . detection of viral rna from denV-3 captured on anionic polymer-coated magnetic beads. culture media of denV-3-infected (denV-3) and uninfected (mock) c6/36 cells were mixed with anionic polymer-coated magnetic beads and separated into Bd and SP fractions. the total fraction (tl) was a sample of the cell culture medium originally mixed with the beads. Viral rna was extracted from each fraction using a Qiaamp Viral rna mini kit (Qiagen, Hilden, Germany) and analyzed by rt-Pcr. the Pcr primers were specific for a 778 bp fragment of the DENV-3 strain 80-2 genome. a 100 bp ladder marker is shown on the left. figure 3 . detection of the denV-3 env protein captured on anionic polymercoated magnetic beads. Bd, SP and tl fractions from denV-3-infected and uninfected (mock) c6/36 cells were solubilized with SdS and analyzed by Western blotting with anti-denV-3 antibody against the denV-3 env protein (61 kda). molecular weight markers (kda) are shown on the right. figure 4. Quantitative analysis of viral rna in denV-3 captured on anionic polymer-coated magnetic beads. DENV-3 in 400 µl diluted culture media from denV-3-infected and uninfected (mock) c6/36 cells was captured on anionic polymer-coated magnetic beads and separated into Bd, SP, and tl fractions. these fractions were analyzed by real-time rt-Pcr for the relative amount of denV-3 genomic rna.
although in previous studies the beads aggregated after incubation with influenza A and B virus-and RSV-infected samples (8,9), aggregation was not observed in this study of denV-3. therefore, aggregation did not appear to be involved in the capture of denV-3. our preliminary studies have shown that hepatitis B virus (an enveloped dna virus) was not captured by poly(mVe-ma)-coated magnetic beads (Sakudo, unpublished data). Since denV-3 and hepatitis B virus are both enveloped viruses, it appears that not all enveloped viruses can bind to poly(mVe-ma)-coated magnetic beads. therefore, information on the charge density and steric spatial organization of the anionic poly(mVe-ma) coating on magnetic beads would be useful in trying to understand the interaction between the beads and viruses. in addition, as described above, attention should be paid to non-specific binding of other media components, like albumin, that might affect the charge density and surface chemistry of the poly(mVe-ma) coating and change non-specific virus binding. Regarding this possibility, a recent preliminary report has shown that the spatial organization of the poly(mVe-ma) polymer affected binding activity.
in conclusion, we have demonstrated that magnetic beads coated with an anionic polymer are useful for the capture of DENV-3. DENV-3 capture by the coated beads was confirmed by showing that the beads fraction (Bd) contained denV-3 genomic rna and env proteins by rt-Pcr, Western blotting, and real-time rt-Pcr. therefore, this method can be used in combination with conventional means of detection and may increase the sensitivity of virus detection for denV-3 diagnosis. the applicability of this method to other denV serotypes is promising. in addition, the adaptability of this method to different types of viruses is currently under investigation.
